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(54) ILLUMINATION SYSTEM, EXPOSURE SYSTEM AND METHOD FOR 
MANUFACTURING DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an illumination 
system by which a pattern of a reticle can be projected onto a 
wafer with a high degree of accuracy. 

SOLUTION: With respect to the illumination system having an 
optical system which makes a light flux from a light source 
incident onto a multi-light-flux forming means and a lens system 
which illuminates a surface to be illuminated by the multiple 
fluxes formed by the multi-light-flux forming means, the optical 
system has, from the side of the multi-light-flux forming means 
in sequence, an illumination optical system and a first light 
deflecting member provided at the front focal point of the 
illumination optical system or in its proximity and the multi- 
light-flux forming means is provided} with a light axis of the 
illumination optical system and a plurality of fine lenses which 
are placed around the light axis. The first light deflecting 
member is provided with a plurality of transparent wedges which are rotatable about the light axis 
of the illumination optical system and the incoming position of the whole light fluxes from the 
light surface to the multi-light-flux forming means is changed by changing the direction of 
deflection of the whole light fluxes from the light source by the rotation of the plurality of 
transparent wedges. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the .translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 

3-In the drawings, any words are not translated. 


DETAILED DESCRIPT ION —.—‘- 

[Detailed Description of the Invention] 

[ 0001 ] 

[The technical field to which invention belongs] About a lighting system, an aligner, and the 
device manufacture method, especially this invention relates to the lighting system, aligner, and 
the device manufacture method for illuminating the device pattern on a reticle side appropriately, 
when manufacturing various devices, such as sensing elements, such as display devices, such as 
image pck-up elements, such as semiconductor devices, such as LSI, and CCD, and a liquid crystal 
panel, and the magnetic head. 

[ 0002 ] 

[Description of the Prior Art] Progress of the latest ultra-fine processing technology is remarkable, 
and the fine potato's is demanded very much also for the resolution demanded with lithography as’ 
0.3 micrometers or 0.25 micrometers. 

[0003] Then, these people are JP,5-283317,A and have proposed the lighting system which can 
raise the resolution of the projection aligner for lithography. 

[0004] D rawin g 4 shows the lighting system (projection aligner) indicated by JP,5-283317,A. 
[0005] In drawing 4 , 1 is the ultrahigh pressure mercury lamp of high brightness which emits 
ultraviolet rays and far ultraviolet rays, and light-emitting part la of a mercury-vapor lamp 1 is 
near the 1 st focus of the ellipse mirror 2. The light emitted from the mercury-vapor lamp 1 forms 
image (light-emitting part image), lb of light-emitting part- la near the 2nd focus 4 of the ellipse, 
mirror 2, after it is reflected and condensed by the ellipse mirror 2 and being reflected by the cold 
mirror 3. A cold mirror 3 forms the multilayer which is made to penetrate infrared light and 
reflects ultraviolet radiation on a glass substrate, and changes. 

[0006] 101 is an image formation system which consists of lens systems 5 and 9, and is carrying 
out abbreviation image formation of the light-emitting part image lb formed near the 2nd focus 4 
on optical plane-of-incidence 10a of the optical integrator 10. A lens system 9 is a zoom lens and 
has the composition that the scale factor of the image formation system 101 is changeable. 7 is the 
attachment component of an optical element, and it is constituted so that two or more optical 
elements, such as cone prism and multiple drill prism, may be changed into an optical path and can 
be arranged, a lens system 5 — the position of opening of the ellipse mirror 2, and the position of 
an attachment component 7 - optical - abbreviation ~ it is made conjugate physical relationship 
[0007] the multi-luminous-flux formation whose optical integrator 10 forms many flux of lights — 
it is a member, and many microlenses are arranged two-dimensional along with the flat surface 
which intersects perpendicularly with an optical axis, it changes, and secondary light source 10c is 
formed near [the ] the optical injection side 10b 11 is converging section material which has two 
or more opening material from which a configuration and a size differ mutually, and the 

converging section material 11 has the mechanism changed in the opening material inserted into 
an optical path. 

[0008] 14a is a lens system and lens system 14a condenses the flux of light from optical injection 
side 10b of the optical integrator lO.Through the converging section material 11 and a mirror 13, 
the condenser lens system 14 containing lens system 14a and collimator lens 14b is the flux of 
light from optical injection side 10b, and carries out Koehler illumination of the reticle 15 which is 
the irradiated plane laid in the reticle stage 16 . 
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* [0009] 17 is a projection optical system and is carrying out reduction projection on the 

sensitization side of the wafer 18 which laid the pattern drawn on the reticle 15 in the wafer-chuck. 
19. 20 is a stage and is laying the wafer-chuck 19 on it. Image formation of the secondary light 
source 10c near the optical injection side 10b of the optical integrator 10 is carried out near the 
pupil 17a of a projection optical system 17 by the condenser lens system 14. 

[0010] The lighting system of drawing 4 by changing the scale factor of the image formation 
system 101 if needed, while rotating the attachment component 7 of an optical element according 
to directivity, a resolution, etc. of a detailed pattern which were drawn on the reticle 15 and 
inserting the optical element of the request of two or more optical elements into an optical path 
Drawing 6 (A), (B), As shown in (C), the optical intensity distribution on optical plane-of- 
incidence 10a of the optical integrator 10 were changed, and the optical intensity distribution 
(lighting) of the secondary light source are changed. The portion of the slash in drawing 6 is a field 
where optical intensity is strong. 

[ 0011 ] 

[Problem(s) to be Solved by the Invention] If change the configuration and size of opening of the 
converging section material 11, the optical element held by the attachment component 7 is 
changed or the image formation scale factor of the image formation system 101 is changed, the 
lighting state in a reticle 15 or a wafer 18 will change, and it will become impossible to project the 
pattern of a reticle on a wafer with high precision in the above-mentioned lighting system, this 
invention aims at offering the lighting system, aligner, and the device manufacture method of 
making small aggravation of this kind of projection precision. 

[ 0012 ] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the lighting 
system of this invention In the lighting system which illuminates an illuminated field according to 
the optical system which carries out incidence of the flux of light from the light source to an 
optical integrator, and the multi luminous flux which the aforementioned optical integrator formed 
The aforementioned optical integrator and the 1 st optical-deflection member are arranged on the 
optical axis of the aforementioned optical system, the 1st transparent wedge as the aforementioned 
1st optical-deflection member, and the 2nd transparent wedge A wedge angle is substantially 
equal, and when the aforementioned optical.axis can be individually rotated as a center and the 1st 
wedge of the above and the 2nd wedge rotate, it is characterized by changing the incidence 
position to the aforementioned optical integrator of the flux of light from the aforementioned light 
source. 

[0013] Moreover, the aforementioned 1st light polarization member is characterized by the thing 
of a request in the direction of a request of the flux of light which carried out incidence to this 1st 
light polarization member to do for an angle deviation. 

[0014] Moreover, the aforementioned optical system has irradiation optical system between the 
aforementioned optical integrator and the aforementioned 1 st optical-deflection member, and is 
characterized by arranging the aforementioned optical-deflection member in the anterior focal 
position of this irradiation optical system. 

[0015] Moreover, the aforementioned optical system has irradiation optical system between the 
aforementioned optical integrator and the aforementioned 1st optical-deflection member, and is 
characterized by arranging the aforementioned optical integrator in the posterior focal position of 
this irradiation optical system. 

[0016] Moreover, th.e aforementioned 1st optical-deflection member is characterized by having 
two transparent wedges. 

[0017] Moreover, the aforementioned 1st optical-deflection member is characterized by having 
three transparent wedges, moreover, the above — three transparent wedges are characterized by the 
wedge angle of a wedge with the largest wedge angle being smaller than the sum total of the 
wedge angle of other two wedges \ 

[0018] moreover, the 2nd optical-deflection member to which a mutually different position of the ■ 
aforementioned optical integrator is made to carry out incidence of the flux of light of the 
aforementioned plurality in dividing the flux of light from the aforementioned light source into 


http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 


27/08/2003 



Page 3 of 6 


two or more flux of lights, and deflecting two or more aforementioned flux of lights in the 
mutually different direction — the above -- it is characterized by preparing near the member the 1st 
optical deflection 

[0019] moreover, the 2nd optical-deflection member which has the deviation side of the shape of a 
cone for changing the flux of light from the aforementioned light source into the ring-like flux of 
light, and irradiating the aforementioned optical integrator -- the above — it is characterized by 
preparing near the member the 1st optical deflection 

[0020] Moreover, it is characterized by preparing the aforementioned 2nd optical-deflection 
member between the aforementioned 1 st optical-deflection member and the aforementioned 
irradiation optical system. 

[0021] It is characterized by illuminating a reticle and a wafer according to the aforementioned 
multi luminous flux. Moreover, it is characterized by equipping the aforementioned optical system 
with an ellipse mirror. 

[0022] Moreover, the aforementioned light source is a lighting system the claim 1 characterized by 
having a mercury-vapor lamp, or given in 12 any 1 terms. 

[0023] Moreover, the aforementioned wedge is characterized by having at least one field to which 
it inclined to the optical axis of the aforementioned irradiation optical system. 

[0024] Moreover, an aligner is characterized by illuminating a mask by the lighting system of 
either a claim 1 or the claim 14, and projecting the pattern of the this illuminated mask on a wafer 
by the projection optical system. 

[0025] Moreover, the device manufacture method is characterized by including the stage which 
exposes a wafer by the device pattern by the aligner of a claim 15, and the stage of developing the 
this exposed wafer. 

[0026] 

[Embodiments of the Invention] Drawing 1 is drawing showing the 1st example of this invention. 
[0027] In drawing 1 , 1 is the ultrahigh pressure mercury lamp of high brightness which emits 
ultraviolet rays and far ultraviolet rays, and light-emitting part la of a mercury-vapor lamp 1 is 
near the 1st focus of the ellipse mirror 2. The light emitted from the mercury-vapor lamp 1 forms 
image (light-emitting part image) lb of light-emitting part la near the 2nd focus 4 of the ellipse 
. mirror 2 ,_ after it is reflected and condensed by the ellipse mirror 2 and being reflected by the cold 
mirror 3. A cold mirror 3 forms the multilayer which is made to penetrate infrared light and 
reflects ultraviolet radiation on a glass substrate, and changes. The position about the direction of 
an optical axis can be adjusted so that the amount of the flux of light which can move a mercury- 
vapor lamp 1 in the direction of an optical axis, for example, carries out incidence to up to optical 
plane-of-incidence 10a of the optical integrator 10 may become the maximum. 

[0028] 101 is optical system, such as an image formation system which consists of lens systems 5 
and 9, and is carrying out image formation of the light-emitting part image lb formed near the 2nd 
focus 4 the optical plane-of-incidence 10a top of the optical integrator 10, or near it again. The 
anterior focal position of a lens system 5 is carrying out simultaneously coincidence with the 
position of light-emitting part image lb formed near the 2nd focus 4. A lens system 9 (irradiation 
optical system) is a zoom lens, and has the composition that the scale factor of the image 
formation system 101 is changeable. 7 is the attachment component of an optical element, and it is 
constituted so that two or more optical elements (the 2nd optical-deflection member), such as cone 
prism and multiple drill prism, rpay be changed into an optical path and can be arranged, a lens 
system 5 (light-receiving optical system) -- the position of opening of the ellipse mirror 2, and the 
position of an attachment component 7 — optical — abbreviation — it is made conjugate physical 
relationship Drawing 2 shows an attachment component 7 and two or more optical elements 6a-6f 
held at it. An attachment component 7 is a turret board which rotates to the circumference of the 
axis of rotation which pierces through a center by the non-illustrated motor. Optical-element 6a 
cone prism and optical-element 6b rather than optical-element 6a Cone prism with a small vertical 
angle. For square drill prism with a large vertical angle, and optical-element 6e, 8 pyramid prism 
and 6f of optical elements are [ optical-element 6c / square drill prism and 6d of optical elements ] 
a plane-parallel plate (transparent opening is sufficient as this portion.) from optical-element 6c. it 


http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 27/08/2003 



Page 4 of 6 


[0029] the multi-luminous-flux formation whose optical integrator 10 forms many flux of lights - 
it is a member, and many microlenses are arranged two-dimensional along with the flat surface 
which intersects perpendicularly with an optical axis, it changes, and secondary light source 10c is 
formed near [the ] the optical injection side 10b The optical plane of incidence of the optical 
integrator 10 is in the backside focal position of a lens system 9. 11 is converging section material 
which has two or more opening material from which a configuration and a size differ mutually, 
and the converging section material 11 has the mechanism changed in the opening material 
inserted into an optical path. The opening configuration of two or more opening material 
corresponds to optical elements 6a-6f, and includes the shape of a ring, 4 holes, eight holes and 
one hole. " 5 

[0030] 14a is a lens system and lens system 14a condenses the flux of light from optical injection 
side 10b of the optical integrator 10. Through the converging section material 11 and a mirror 13, 
the condenser lens system 14 containing lens system 14a and collimator lens 14b is the flux of 
light from optical injection side 10b, and carries out Koehler illumination of the reticle 15 which is 
the irradiated plane laid in the reticle stage 16. 

[0031] 17 is a projection optical system and is carrying out reduction projection on the 
sensitization side of the wafer 18 which laid the pattern drawn on the reticle 15 in the wafer-chuck 
19. 20 is an X-Y stage and is laying the wafer-chuck 19 on it. Image formation of the secondary 
light source 10c near the optical injection side 10b of the optical integrator 10 is carried out near 
the pupil 17a of a projection optical system 17 with the condenser lens 14. 

[0032] The lighting system of drawing 1 by changing the scale factor of the image formation 
system 101 if needed, while rotating the optical-element attachment component 7 according to 
directivity, a resolution, etc. of a detailed pattern which were drawn on the reticle 15 and inserting 
the optical element of the request of two or more optical elements 6a-6f into an optical path 
Drawing 6 (A), As shown in (B) and (C), the optical intensity distribution on optical plane-of- 
incidence 10a of the optical integrator 10 were changed, and the optical intensity distribution 
(lighting) of the secondary light source are changed. The portion of the slash of drawing 6 is a field 
where optical intensity is strong. 

[0033] The feature of the lighting system of drawing 1 is having formed the optical-axis adjusting 
device 21 (the 1 st optical-deflection member) near the optical-element attachment component 7. 
The optical-axis adjusting device 21 is equipped with the wedge glass 21a and 21b of two sheets 
winch has the same wedge angle substantially, and it has the 2nd page to which the wedge glass 
21a and 21b of two sheets inclined to the 1st page and an optical axis with both sides 
perpendicular to an optical axis. A wedge angle says the angle which the 1st page and the 2nd page 
accomplish. The optical-axis adjusting device 21 rotates an optical axis as the axis of rotation 
individually with the driving gear whose each of wedge glass 21a and 21b is not illustrated, and 
arjjusts the angle of rotation of the circumference of each optical axis. It is towards a request of the 
whole flux of light which passes the optical-axis adjusting device 21 by this adjustment, an angle 
deviation can be earned out, the incidence position to the optical plane-of-incidence 10a top’s of 
the optical integrator 10 of the whole flux of light can be changed, and the optical whole intensity 
distnbution on optical plane-of-incidence 10a can be moved. 

[0034] In the lighting system of drawing 1 , if the position of the whole (optical intensity- 
distnbution whole) flux of light which carries out incidence to the optical integrator 10 is changed, 
the lighting state in the reticle 15 and wafer 18 which are an irradiated plane will change. This is 
used and it is made to adjust angle of rotation of wedge glass 21a and 21b in this example, so that 
the pattern of a reticle can be projected on a wafer with high precision. 

[0035] D rawing 3 is explanatory drawing showing the function of the optical-axis adjusting device 
21. Drawing and d r awing 3 (B) which show the case where 6f of plane-parallel plates is inserted 
into the optical path, and the wedge glass 21a and 21b of two sheets is set as the position which 
offsets the wedge angle of each other are drawing in which drawing 3 (A) shows the case where 
wedge glass 21b is rotated only for a certain angle, from the state of drawing 3 (A). The optical 
intensity in optical plane-of-incidence 10a of the optical integrator 10 is shown typically, and, as 
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for drawing in the right-hand side of drawing 3 (A) and (B), by [ suitable / which carry out angle 
rotation and is towards a request of the whole flux of light ] carrying out an angle deviation shows 
that eccentricity of the optical intensity distribution [ in / optical plane-of-incidence 10a of the 
optical integrator 10 / for each of wedge glass 21a and 21b ] can be carried out to an optical axis 
(center) from this drawing This is because the position which carries out incidence to optical 
plane-of-incidence 10a of the optical integrator 10 of the whole flux of light will change if the 

degree of incident angle of the whole flux of light which carries out incidence to a lens system 9 is 
changed. 

[0036] Hereafter, an example of the adjustment procedure using the optical-axis adjusting device 
21 is shown. 

1. Determine lighting. 

2. Change optical system so that it may be the the best for the determined lighting. Selection of an 
optical element (6a-6f). A setup of the scale factor of the image formation system 101 
(detennination of the zoom position of a lens system 9). Selection of drawing 11 (selection of an 
opening configuration and a size). Change of the position to the direction of an optical axis of a 
mercury-vapor lamp 1. The etc3. reticle 15 is removed from a stage 16, and the measuring 
instrument which is not illustrated on X-Y stage 20 investigates the lighting state in the image 
surface of a projection optical system 17. 

4. Compute the angle of rotation of wedge glass 21a and 21b, and make the specified position 
rotate wedge glass 21a and 21b with a non-illustrated driving gear from the result of Procedure 3 
respectively. ’ 

[0037] In addition, the body side of the place in which the pattern side of a reticle 15 is located is 
available for the above-mentioned measurement. 

[0038] Although an illumination distribution will be measured for every change of lighting in the 
above-mentioned adjustment procedure and the angle of rotation of wedge glass 21a and 21b will 
be computed by the measurement result, in quest of the angle of rotation of the wedge glass 21a 
and 21b m each lighting, it memorizes in memory by experiment beforehand, and predetermined 

angle rotation of the wedge glass 21a and 21b may be automatically carried out at the time of a 
lighting change. 

[0039] Moreover, it may ask for angle of rotation to which projection precision becomes good on 
the average in all the lighting to be used, without having specification angle of rotation of wedge 
mn SS 21a and 21b for ever y lighting, and wedge glass 21a and 21b may be fixed to the angle. 

[0040] Although the wedge glass with the same angle of two sheets is made to constitute the 
optical-axis adjusting device 21 from this example, the wedge glass of three or more sheets may 
constitute. In this case, the wedge angle of wedge glass with the largest wedge angle needs to be 
below the sum total of the wedge angle of other wedge glass of two or more sheets. 

[0041] Although the optical-axis adjusting device 21 is arranged from optical elements 6a-6f to the 
light source side in this example, you may arrange the optical-axis adjusting device 21 from optical 
elements 6a-6f to the optical integrator 10 side. What is necessary is just to arrange in the place 
which can change an incidence position in short, without seldom changing the degree of incident 
angle to optical plane-of-incidence 10a of the optical integrator 10. 

[0042] Although it is adjusting in each above-mentioned example so that the illuminance 
unevenness in an irradiated plane may become the minimum with wedge glass when lighting is 
changed, there is nothing then, for example, you may make it restrict, and not necessarily, adjust 
angle of rotation of a wedge automatically, when [ that ] projection precision gets worse by aging 
(a lens, property change of coating of a mirror, and luminance-distribution change of the arc of a 
lamp) of optical system. 

[0043] Moreover, although each above-mentioned example explains the optical elements [ 6a-6f ] 

. number as six kinds, it is not limited to this number, this invention can be applied when there is no 
optical element. 

[0044] Next, one example of the manufacture method of the device using the projection aligner of 
drawing 1 or drawing 3 is explained. 

[0045] Drawing 6 shows the manufacture flow of a device (semiconductor chips, such as IC and 
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LSI, the magnetic head, a liquid crystal panel, and CCD). The circuit design of a semiconductor 
device is performed at Step 1 (circuit design). At Step 2 (mask manufacture), the mask (reticle 15) 
in which the designed circuit pattern was formed is manufactured. On the other hand, at Step 3 
(wafer manufacture), a wafer (wafer 18) is manufactured using material, such as silicon. Step 4 
(wafer-process) is called last process and forms an actual circuit on a wafer with lithography 
technology using the mask and wafer which earned out [ above-mentioned ] preparation. The 
following step 5 (assembly) is called back process, is a process chip-ized using the wafer depended 
and created step 4, and includes processes, such as an assembly process (dicing, bonding) and a 
packaging process (chip enclosure). At Step 6 (inspection), the check test of the semiconductor 
device created at Step 5 of operation, an endurance test, etc. are inspected. A semiconductor device 
is completed through such a process and this is shipped (Step 7). Drawing 8 shows the detailed 
flow of the above-mentioned wafer-process. The front face of a wafer (wafer 18) is oxidized at 
Step 11 (oxidization). At Step 12 (CVD), an insulator layer is formed on the surface of a wafer. At 
Step 13 (electrode formation), an electrode is formed by vacuum evaporationo on a wafer. Ion is 
driven into a wafer at Step 14 (ion implantation). A resist (sensitized material) is applied to a 
wafer at Step 15 (resist processing). In Step 16 (exposure), a wafer is exposed by the image of the 
circuit pattern of a mask (reticle 15) by the above-mentioned projection aligner. The exposed 
wafer is developed at Step 17 (development). Portions other than the developed resist are shaved 
off at Step 18 (etching). The resist which etching could be managed with Step 19 (resist ablation), 
and became unnecessary is removed. A circuit pattern is formed on a wafer by carrying out by 
repeating these steps. 

[0046] If the manufacture method of this example is used, it will become possible to manufacture 
the difficult highly-integrated device conventionally. 

[0047] 

[Effect of the Invention] If this invention is applied to the projection projection aligner for 
semiconductor device manufacture, the electronic-circuitry pattern on a reticle side can be 
projected with high degree of accuracy on a wafer side. 


[Translation done.] 
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DRAWINGS 




[Drawing 3] 



21 


[Drawing 4] 
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